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Subject: Progress report  dealing with proposed f i e l d  studies i n  t he  

Sacramento-San Joaquin Delta-Central Valley Rojec t .  

INTRODUCTION 

We need f o r  f i e l d  s tudies  i n  t he  Sacramento-San Joaquin Delta, 
\ 

pertaining t o  t h e  control  of t he  t i d a l  in t rus ion  of ocean s a l i n i t y ,  

was pointed out i n  Hydraulic Laboratory Report No. 155. The modei 

study reported therein ,  resul ted i n  a recommendation t ha t  Sacramento 

River veter be t ransferred across the Delta t o  t he  Tracy*F'umping Plant 

through the  na tura l  channels of the Delta. This recommendation - 
was predicated on the close control  of s a l i n i t y  in t rusion by the  re lease  

of suf f ic ien t  water from the Delta t o  accomplish such control. The 

r a t e  of flow which const i tu tes  suf f ic ien t  water is  subject  t o  sane 

controversy, and it i s  indicated tha t  its evaluation t o  the s a t i s f ac t i on  

of a l l  par t ies  involved can be best  accomplished by f i e l d  studies.  T h i s  

report  has been prepared to  s~x~unarize t h e  various f ac to r s  involved i n  

the  camplicated' process of dynamic cont ro l  of s a l i n i t y  in t rusion by 

controlled re leases  of s tored waters. The material  contained in . this 

repor t  i s  not new, but i s  merely recapi tula ted from reports previously 

. issued, t o  provide abackground f o r t h e  discussion o f . f i e l d  studies.  

4 

The ultimate goal of f i e l d  t e s t s  i n  t h e  SacramentoSan Joaquin 

Delta, is  t o  supply the  regional branch of i r r i g a t i o n  operations and 



t h e  int rusion of ocean s a l i n i t y  by regulated re leases  of s tored waters 

from Shasta Dam. Many of the  t e s t s  w i l l  be di rected towards conbiling 

t he  data required f o r  constructing curves f o r  steady-state condition8 

of s a l i n i t y  (mean tidal-cycle-surface-zone) versus net  outflow a t  

Col l insvi l le  or  Antioch, Jersey and Webb Point or  Central Landing. One 

such curve, a t  Col l insvi l le ,  i s  shown i n  Hydraulic Laboratory Report 

No, 15!j9 but  i t  i s  based on only one r e l i a b l e  s e t  of data  which was 

obtained during r e t r e a t  of ocean s a l i n i t y  i n  November 1929, The same 

da ta  could not be used for 'a  similar curve at Webb Point because there  

was enough res idua l  s a l i n i t y  trapped f r ~ m  the  preceding in t rus ion  t o  

a f fec t  the  r e s u l t s  seriously. 

The po in t  of having a curve 'of s a l i n i t y  versus net  outflow is twofold. 

F i r s t ,  the  necess i ty  of accepting conditions as they occur requires  a curve 

t h a t  can be used t o  in te rpo la te  f o r  the  desired s a l i n i t y ,  Secondly, it 

i s  desi rable .  i n  connection with planning of o ther  re la ted f e a t w e s  of t he  

Central Valley FroJect t o  know the s a l i n i t y  f o r  discharges other  than the  

widely discussed cont ro l  flow. 

Another relat ionship,  which would be extremely valuable, and which 

night  develop from $he t e s t s ,  i s  t h a t  which ex i s t s  between t h e  r a t e  of 

increase i n  s a l i n i t y ,  t he  corresponding s a l i n i t y  gradient and t h e  r e l a t ed  

deficiency i n  net  discharge. With such a re la t ionsh ip  i t  would be possible 

t o  determine the  prevail ing ne t  outflow and'arrange accordingly f o r  

increasing i t  by the  proper mount, when s a l i n i t y  conditions become 

c r i t i c a l .  A more de ta i led  discussion of t h i s  re la t ionship together with . 
t h e  reasons for .an t ic ipa t ing  i t s  existence w i l l  be given l a t e r .  



u The simplest method f o r  obtaining t h e  data  discussed previousAy, 

i s  t o  make measurements during steady-state conditions f o r  d i f f e r en t  

Y' amounts of s a l i n i t y .  The r a r i t y  of the  na tura l  occurrence of such s t a t e s  

and the d i f f i c u l t i e s  of arranging them by regulated releases,  make such 

a method highly impractical. Conceivably, one s e t  of da ta  f o r  t h e  s a l i n i t y  

versus net-outflow curve might be obtained i n  some year when a shortage 

of water required t h a t  no water be wasted i n  excess of t ha t  amount necessary 

t o  hold t h e  mean s a l i n i t y  a t  Antioch t o  100 pop. 100,000 of chlorine. The 

summer of t h i s  year (1947) was a very dry season and it i s  understood 

t h a t  the m a x i m u  value of t he  mean s a l i n i t y  a t  Antioch exceeded 100 pop, 

100,000 of chlorine. Ei ther  t he  maximum discharge avai lable  from s torage  

was i n su f f i c i en t  o r  it was decided t h a t  t he  control  value of salinity 

could be exceeded without causing any mater ia l  damage. The next in t rus ion  

w i l l .  be even more c r i t i c a l  because of t he  unusually dry season, and t h e  

conditions which develop should be noted and measured i n  more d e t a i l  than 

usual. Data obtained under such conditions should p r w e  valuable particu- . 

larly when they are combined with other d a t a  t h a t  w i l l  be accumulated i n  

t h e  proposed f i e l d  studies.  

Evaluation of Diffuaion Coefficientq 

A more p rac t i ca l  method than t h a t  of awaiting t he  occurrence of i d e a l  . 

a conditions would be t o  evaluate t he  dif fusion coeff ic ients  of the  na tura l  

channels by appropriate measurements under f i e l d  condit$.ons and, by 

-4 means of t h e  d i f fus ion  equation u t i l i z i n g  the  coeff ic ients ,  t o  construct  

a t h e o r e t i c d  curve, A program of f i e l d  . t e s t s  t o  make such an evaluation 

would be d i f f i c u l t  t o  carry out  because of t h e  large area involved. It 



assurance tha t  t he  r e su l t s  would be s ignif icant ,  The importance of the 

e objectives m l d  seem t o  warrant an attempt t o  make the  f i e l d  t e s t s  i n  

a t  l e a s t  enough d e t a i l  t o  es tabl ish the poss ib i l i t i es ,  

i Experimental evidence, both model and prototype, waa presented in 

Hydraulic Laboratory Report 155 t o  show t h a t  propagation s f  ocean 

s a l i n i t y  in to  the  Delta is accomplished through ? process of diffusion 

which is cawed by t idal .  ebb and flood. The procsas had been recognised 

and named i n  Bulletin 27, published by the  S ta te  of California in  1930, 

but it remained f o r  the model study t o  es tabl ish the fundamental nature 

and mechanics of the  process. 

The fundmental equation according t o  which propagation of s a l i n i t y  

occurs by t i d a l  diffusion i s  writ ten as follows considering only one 

direction (x) : 

where s P s a l i n i t y  o r  concentration 
I 

t = time 

Vx = mean veloci ty  

I '  A = coeff ic ient  of mixing o r  d4ffusion 

X = distance measured along the r iver  

This equst ion. is  widely used in other branches of physics such as t he  flow 

of heat in a conductor, molecular diffusion, and the transportation of 

.' suspsnded sedimsnt in streams. JUthough p a r t i a l  d i f f e ~ , n t i a l s  hare beon 

used i n  Equation 1, its use i n  a p p m g  it t o  t i d a l  diffusion w i l l  be 

re s t r i c t ed  t o  changes t h a t  have occurred over a time in te rva l  which will 



rea l ly  be written as g t t t ,  where A t  i s  the time interval, from say alack 

I) 
a f t e r  high-high t ide  t o  slack a f t e r  an identical t ide several cycles la te r .  

With such an interpretation, the variations due t o  tidal. oscillation, tha t  

J' is, variations i n  the type and height of tide, would be eliminated, Then too, 

t h e  term "Vx" would have a t rue  si&lrificance as the velocity of the mean 

net outflow. 

For the special case of steady s t a t e  when as/& E 0, Equation 1 i s  

re la t ive ly  easy t o  solve. The solution as i t  was demor~strated ir; 

Hydraulic Laboratory Report 155 i s  : 

This equation gives the relat ion between the mean s a l i n i t y  Sx, 

expressed as a r a t io  t o  the-sal ini ty a t  some reference point, and the 

velocity Vx which could a s  w e l l  be the  discharge. Once the constant 
t 

"KI1 is known, the equation can be used t o  cotmtruct the desired s a l i n i t y  

curves a t  a given location showing s a l i n i t y  versus net outflow, 

For cases other than steady-state, Equation 1 is much more d i f f i cu l t  

t o  solve. An approximate solution was obtained end used i n  the course 

of mathematical studies carried on i n  conjunction with the hwaulis 

model study. Application of the solution t o  cer tain selected nodel and 

prototype data i s  shown i n  the appendix t o  Hydraulic Laboratory Report 

* 155. Since t h e  time when this solution was worked out, another and more 

complete solution which appears t o  be applicable has been found. It was 

-* 
worked out fo r  a problem i n   he analogous f i e ld  of heat flow. If this 

more complete solution can be appl4,pxt c!irectly t o  the s a l i n i t y  intrusion, 

and i f  it can be reduced t o  a graphical procedure for  use i n  analyzing 



c a l  in t rusions  could be reduced in terms of the  t w o  principal  unknowns, 

di f fusion coef f ic ien t  and net  outflow. The da ta  fr,m several  intrusions 
1'4 

could then be made t o  y ie ld  the  nzunericd vduee of t h e  coefficient6 and 

.I' t h e  ne t  outflows. By subtract ing the net outflow f r m  measured groos 

inflow, the  consumptive use schedule could bo ebaluatsd. Once t he  coeffi-  

c i en t s  are known, the  computat i~ns  f o r  steady-state can be read i ly  made. 

I n  addition, any s e r i e s  of current  da t a  could be analyzed fo r  t he  vnlue 

of ne t  outflow. Such an analysis of h i s t o r i c a l  da ta  would be dii 'fieult 

and time-consuming although at f i r s t  thought it' appears t o  be re la t ive lg  

simple. Computations of a shi lar  mathematical nature  involving t i d a l  

flow, which have been made in connection with certaiin problems in 

Holland, have required periods of over 2 years.  

F in i t e  Difference EXluation 

Another method by which an evaluation of the diffusion coeff ic ients  

from prototype data taken during ins t rusion might be accomplished more 

quickly and simply by use of the  so-called f i n i t e  difference equation. 

Considering any s t r e t ch  of the r iver ,  t h e  s a l i n i t y  being propgated 

i n t o  and out of the  s t r e t ch  i s  respectively:  

i n t o  section - A1 S1 # V2 - 

out of section - A a s2 + vlS i  
2- 

a x 
s 

Where V = mean veloci ty  of net  flow 

A = diffusion coeff ic ient  

and Section 1 i s  taken a t  t h e  downstream end of the etre tch.  



J' 3Lf Section 2 io taken jus t  upstream from the  polnt where salinity 

equals zero, then S2-0 nnd A%=O and the  change i n  s a l i n i t y  can be wr i t t en  
L - 

as: 
n 

I'ui,%inp, i n  volumes and areas, equation ( 3 )  becomes 

A( C vol - S) = Al.areal. Sl-V1.area 1.~5 
A t  - 

A x  

Prototype records a r e  avsi lable  t o  Bvalunte the term (C vol  S) which i a  

the t o t a l  ocean s a l i n i t y  u ~ ~ a t r e e n  from any given sect ion of the  channel. 

heuming f o r  the  minute t h a t  %, t he  net  discharge, a n d ~ ~ / h ,  t he  8 d i n l t y  

gradient as well ae %, the  mean ea l in i t y  over tine time in tervalnt ,  are 

HLl known. Tne value of the  dif fuoion coef f ic ien t  %could be cmputed , 

and the requlsemente of a steady-state condi'i;ion could be p r e l c t e d .  

.' 
If A were evaluated. at many sectrlom eo t h a t  it would bo known as a 

function of X, then nquatlon 5 c o u d  be integrated t o  give the desired 

curve of oal in l ty  vtjrsus nst discharge. 



then ds = Qn - - -- where 
3 area f (x) 

This may be integrated t o  give 

l o g  S = Qn -- J f (x)dxk 
area 

A t  X = O l e t  S = So 

Q n J f ( ~ ) b * / ~ ~ ~ *  = eWn and SjSo = e 

where k = ff (x )dx  
area . 

Returning t o  a c o r ~ s i d e ~ a t l o n  of equation (4) it mus t  be r e ~ o ~ n i z e d ' t h a t  

no d i r e r t  measurements of Qn o r  AS/AX are  available. The inaccuracies 

attached t o  t he  values of ne t  discharge w i l l  be discusaed subsequently. 

Assuming t ha t  data  were available during periods of l i g h t  consumptive 

use t o  give reasonably r e l i ab l e  values of ne t  discharge an evaluation of 

A could be made, provided satisfacto1.7 values of the  gradient AS/AX 

could be obtained from the data: 

Since no d b e c t  measurements a f  b ~ / h x  have been made, it must be 

evaluated ind i rec t ly .  I n  the s tud ies  reported i n  Hydraulic Laboratory 

Report 155 the  gradient was evaluated by taking the  difference ~ Y I  salinity 

between two adjacent s ta t ioza  a t  high t i d e  divided by the  distance 

between s ta t ions .  This method presumes t h a t  t h e  t i d a l  amplitude is 

greater than the distance between s t a t i ons  and n r t h e r  t h a t  ve!ry l i t t l e  

di f fusion occurs during the  flood cycle. The values obtained by thg method 

are  approximate a t  best. 

It i s  hoped t h a t  t he  use of the recently filstalled s a l i n i t y  meter w i l l  

lead t o  the  devalopnent of a be t t e r  method of evaluating salinity gradient. 



included i n  the  data  taken in previous years so  t h a t  the  large mas8 of 

accumulated da ta  can be used. * 
Assuming tha t  be t te r  values f o r  &/Ax can be obtained and t h a t  the  

J diffusion coeff ic ients  can be evaluated, it should be possible t o  ccw~pute 

\ 
a new consumptive use schedule. 

Let  Q ne t  =  gross) - Qceu* (consumptive use) 

then A( Zvol $1 , Al.area.&l - - (Qg*c.u.)*Si 
Where a l l  values are  known but QC ,U,  it can be computed as  follows : 

Q A' .area AS. c .  = g 1 - +  A ( 2 v o l  xS) 

s1 A1.c. SlAt 

Such a use of the  dif fusion equation would be similar t o  the  accepted use '  

of the  salt-velocity method for measuring discharge. The value of a 

donsumptive use schedule evaluated in t h i s  manner would depend en t i r e ly  

on the  accuracy of t he  values cif channel volumes,, s a l i n i t y  concentration, 

s a l i n i t y  gradient and gross inflow. 

What t he  preceding computation ac tua l ly  amounts t o  is  an evaluation 

v 
of the  ne t  outflow which should.be extremely usefu l  i n  i t s e l f  t o  guide 

8 

t h e  operators i n  scheduling releases. The consumptive use is  then obtained 
*' 

by combining n e t  outflow and gross inflow. 



Another possible method f o r  determining s a l i n i t y  control  flow i s  by 

using a  l a rge r  hydraulic model. The method would be s imilar  t o  t h a t  used 

i n  the  smaller rnodel but it could be carr ied out i n  more d e t a i l  apd more 

-J accurately i n  a  l a rge r  model. A s e r i e s  of ver i f ica t ion  t e s t s  of duplica- 

t ions  of h i s to r i ca l  in t rusions  would be made. The model diffusion coef- 

f i c i e n t s  as  well as the  model discharges would be varied t o  accomplish 

duplication. If the model with adjusted dif fusion and discharge sca les  

could be made t o  reproduce several h i s t o r i c a l  in t rusions  it would then 

be valid f o r  establishing the pat tern  and speed of any future in t rus ion  

based on any predicted flow hydrograph. Although t h i s  procedure would be 

i n  a  sense a duplication of the  previous s tudies  i n  the s m a l l  model, the  

l a rge r  model would y ie ld  much more r e l i ab l e  r e su l t s  i n  a quant i ta t ive  sense. 

Unless t he  model could be jus t i f i ed  on the  b a s i s  of uses other than evalua- 

t i o n  of control  flow, t h i s  procedure would be quite expensive. 

,FIELD TESTS 

Factors 

The major factors  involved i n  the  process of s a l i n i t y  in t rusion i n t o  

the Delta, which have been indicated i n  the  preceding discussion, will 

be developed i n  more d e t a i l  with par t i cu la r  reference t o  f i e l d  measurements. 

Tidal Diffusion 

The force  contained i n  and occasioned b4- t h e  t i d a l  ebb and flood 

w acts t o  propagate ocean s a l i n i t y  i n t o  the  Delta by a process of diffu- 

sion. T h i s  force  a c t s  usually i n  an upst'ream d i rec t ion  but i n  more 
0 

general terms it ac t s  i n  the  d i rec t ion  of decreasing s a l i n i t y .  



of measurements of s a l i n i t y  e rad ien t .  Di rec t  measurement of t h e  d i f fus ion  

c o e f f i c i e n t s  i s  not poss ib l e  by any means now known. The methods by 

which s a l i n i t y  gradient  would be  evaluated a r e  not  completely c l e a r  a t  

t h i s  time. The proper method would have t o  be developed by pre l iminary  

t e s t s .  A genera l  approach which appears t o  o f f e r  p o s s i b i l i t i e s  i s  t h a t  of 

making continuous recordings of s a l i n i t y  and v e l o c i t y  a t  s e v e r a l  s t a t i o n s  

i n  a se l ec t ed  s t r e t c h  of r i v e r .  Se lec t ion  of an  appropr ia te  s t r e t c h  could 

be based on observat ions of t h e  movement of f l o a t s .  A proper  s t r e t c h  would 

be one which is  completely t r ave r sed  by: a f l o a t  during an average t i d e .  

The recordings of s a l i n i t y  and v e l o c i t y  could be evaluated i n  t e r n s  

of s a l i n i t y  g rad ien t  i n  two ways. F i r s t ,  t h e  s a l i n i t y  records  averaged 

a t  each s t a t i o n  when combined with t h e  d i s t ances  would supply va lues  of 

average s a l i n i t y  gradient .  Secondly, t h e  r a t e  of change of s a l i n i t y  dur ing  

f lood  t i d e  a t  any s t a t i o n  taken  toge the r  with t h e  v e l o c i t y  v a r i a t i o n  

dur ing  t h e  same period could be i n t e r p r e t e d  i n  terms of s a l i n i t y  g rad ien t  

i f  no apprec iable  mixing occurred dur ing  t h e  period.  The worth of each method 

would be judged by t h e  cons is tency  of t h e  r e s u l t s  with t h e  d a t a  i n s e r t e d  i n  t h e  

d i f f u s i o n  equation. Measurements of t h e  same gene ra l  type were taken a s  a 

p a r t  of t h e  comprehensive s t u d i e s  made by t h e  s t a t e  engineers.  However, 

complete da ta ,  inc luding  both s a l i n i t y  v a r i a t i o n  and v e l o c i t y  v a r i a t i o n  

recorded simultaneously, were no t  obtained. 

Net Outflow 

The d i r e c t l y  opposing f o r c e  of n e t  stream outf low from t h e  Delta 

t ends  t o  sweep a l l  s a l i n e  waters downstream. The va r ious  elements 

t h a t  c o q r i s e  n e t  outf low a r e  important  and deserve s p e c i a l  mention 

and l i s t i n g .  

11 



?'he t o t a l  or gross inflow i n t o  the  Delta i s  well defined by 

meaeurements a t  r a t ing  s ta t ions  on t he  riveies feeding i n t o  the  Delta. 
C 

The s t a t i ons  ere located upstream from t'ne t i d a l  ef fects .  The sum of 

4 the  flows as measured a t  the various s t a t i ons  o r  the  gross d e l t a  inflow 

is  open t o  question only t o  the  extent  of diversions and accret ions  

between the  r a t i ng  s t a t i ons  and t h e  Delta proper. 

Diversions and Accretions 

Some of tho  water diverted and used above the  Delta re tu rns  t o  the  

Delta by seepact: flow. The amount of t h i s  flow i s  very ' d i f f i c u l t  t o  

evaluate and f o r  the  present the  est imates resu l t ing  from the  s tudies  

made by the s t a t e  engineers as reported i n  B d l e t i n  27 must be accepted. 

Consumptive Use 

Consumptive uss by t ransp i ra t ion  and evaporation i s  a major f ac to r  

i n  determining net  outflow espec ia l ly  a t  t he  time of maximum s a l i n i t y  

encroachment when the  net  outflow i s  low. The use kas been estimated 

t o  reach a maximum value i n  Auks t  of 3,700 second-feet. This value c o w  

pared t o  t h e  magnitude of the  con t ro l  flow which i s  of t h e  order of 

magnitude of 5,000 second-feet is  a numerical measure of i ts  importance. 

Evaluation of t h e  r a t e  a t  which water is  consumed i n  the  Delta i s  based 

on data  obtained from tank experiments, Samples of the  d i f f e r e n t  types 

of crops were grown i n  tanks located i n  various spots i n  t he  area. The 

use of water was measured throughout t h e  growing season. The d i f f i c u l t i e s  

Q and l im i t a t i ons  of such t e s t s  i s  wel l  i l l u s t r a t e d  by an example. One 

tank had a pin-hole leak and t h i s  was enough t o  cause a l a r g e  e r ro r  i n  

w the  resu l t s .  The possible e r ro r  of the  method i s  estimated a t  25 

percetlt which, applied t o  the  maximum value of consmpt:ve use o r  

3,700 second-feet, amounts t o  more than 900 second-fs,*$.t;, 



Natural  t r a n s f e r  of f low from t h e  ~ a c r a m e n t o  Hiver t o  t h e  San Joaquin 

River through Georgiana and Three Mile Sloughs is  another  f a c t o r  of consid- 
9 

e r a b l e  importance. I n  t h e  low f low season t h e  major po r t ion  of t h e  g ross  
I 

1 9  in f low i s  contr ibuted by t h e  Sacramento River. During t h i s  period t h e  f low 
I 

I of theSan  Joaquin River i n  t h e  s e c t i o n  which i s  c r i t i c a l  with r e spec t  t o  

I s a l i n i t y  i n t r u s i o n  i s  determfned l a r g e l y  by flow t r a n s f e r r e d  from the  
I 

Sacramento Hiver, The d i v i s i o n  of  f low between t h e  two r i v e r s  must be  known 

i n  t h e  eva lua t ion  of t h e  d i f f u s i o n  coe f f i c i en t s .  Because t h e r e  i s  a d e f i n i t e  

unce r t a in ty  as t o  the  d i v i s i o n  of t o t a l  n e t  out f low 611 es t imates  of c o n t r o l  

f low i n  Hydraulic Laboratory fiepo-rt No. 155 were r e l a t e d  t o  C o l l i n s v i l l e  

where t h e  two r i v e r s  have joined and t h e  d i v i s i o n  of flow i s  not  a f a c t o r .  

The t r a n s f e r  f lows i n  Georgiana and Three Mile Sloughs were measured 

dur ing  t h e  s t u d i e s  by t h e  s t a t e  engineers ,  The c h a r a c t e r i s t i c s  of the  

f lows i n  both sloughs make a f low measurement u s i n g  r l * z ~ e n t  meters *a  d i f f i c u l t  

opera t ion  and t h e  r e s u l t s  a r e  open t o  question. The flows a r e  widely v a r i a b l e  

throughout a t i d a l  c y c l e  and in t h e  case  of Three Mile Slough t h e  f low v a r i e s  
i 

i n  d i r e c t i o n  a lso .  The average n e t  f low f o r  ?i t i d a l  c y c l e  must be  obta ined  

by i n t e g r a t i n g  the  d i scha rge  over  an  e n t i r e  t i d a l  cyc le  and a more s i g n i f i c a n t '  

r e s u l t  would be obtained if a per iod  of s e v e r a l  ccvcles were used. The 

longer  per iod  does not adapt  i t s e l f  we l l  t o  t h e  l i m i t a t i o n s  of cu r ren t  me te r s  

A recording  flow meter would be much b e t t e r  adapted. 

Since t h e s e  flows have a n  important bearing on the  s u b j e c t  t e s t s ,  it i s  
0 - 

recommended t h a t  new measurements of t h e  flows i n  both s loughs be made 

o u t i l i z i n g  t h e  most r e c e n t l y  developed equipment. For such spec ia l i zed  

t e s t s  it might be necessary  t o  develop some equipment. Recently repor ted  

i s  a new meter  developed f o r  wartime use  which will measure and record 



instrument would be very useful  i n  recording ve loc i ty  var ia t ion over a 

7 period of time t h a t  could include many t i d a l  cycles. Another new technique 

which might prove useful  i s  t h e  echo-souhding method f o r  obtaining quick 

9 depth measurements. 

Timing of Tests 

The influence of a few of t he  factors  which have been discussed 

previously can be minimized by proper timing of t h e  t e s t s .  Consumptive 

use o f  water i s  known t o  vary through t h e  growing sewon  frdm an estimated 

mximwn of 3,700 second-feet i n  August $0 a minimum'of 500 t o  700 second- 

f e e t  i n  November. Measurements made i n  November when t h e  consumptive 

use i s  low would be subject  t o  a possible e r ro r  i n  t h e  value of consump- 

t i v e  use of 25 percent of 600 ,  or 250 second-feet, compared t o  a possible 

e r ro r  of 900 second-feet when the-use i s  high. However, t e s t s  made i n  . 

November mar incur ce r t a in  r e s t r i c t i ons  such as occurred i n  the  November 

1929 data. I f ,  as i n  the case of the  1929 data, t h e  in t rusion should 

develop t o  a point beyond the  mouth of the Mokelumne Hiver, a ce r t a in  

amount of sa l ine  water becomes trapped because of t h e  very canplicsted 

flow conditions. Under such conditions, t h e  concentrations measured at  

points within the influence of entrapped s a l i n i t y  are not s ign i f ican t  f o r  

use i n  analyzing t h e  mechanics of intrusion. 

The magnitude of re turn flow i s  a l so  reduced i n  the  l a t e r  par t  of 

w t he  year because of the decrease i n  diversions. I n  December the inflow 

usual ly  increases t o  such an extent t h a t  the  ocean s a l i n i t y  is  swept 
w 

completely out of t he  k l t a .  Once the  s a l i ne  waters,have been moved 

much beyond Col l insvi l le  no s a l i n i t y  t e s t s  a r e  contemplated. 



Although no d e f i n i t e  program has been proposed i n  the' preceding 

discussion, it i s  evident t h a t  a great  deal  of work can be done t o  * 
explore t he  many poss ib i l i t i e s  thathave been discussed. It is f e l t  

b t h a t  any d e f i n i t e  program must be developed by cooperation with 

regional forces.  To t h i s  end the  following procedure is recommended. 

The procedure recognizes t h a t  the  current r e s t r i c t i o n s  on funds, person- 

ne l ,  and time are  ser ious  handicaps. 

1. Establ ish  by correspondence with t he  Regional Director 

t he  p r i o r i t y  of any s a l i n i t y  control  studies.  

2. I f  low p r i o r i t y  i s  established no major s tudies  would 

be s tar ted.  But, there  are cer ta in  steps t ha t  should be taken 

soon which w i l l  help mater ia l ly  when ac t i ve  s tudies  are  renewed. 

These s teps  include among other things: 

a. Meeting of hydraulic laboratory and regional 

personnel t o  formulate a general schedule. 

b. Completion and i n s t a l l a t i o n  of instrumentation 

which w i l l  provide da ta  fo r  in ter im control  of s a l i n i t y  

and f o r  more extensive s tud ies  t o  be car r ied  on at'some 

l a t e r  date. 

c. Decision should be made r e l a t i ve  t o  construction 

of a new and l a rge r  hydraulic model of t h e  Delta. Thin w i l l  

require  a statament from the  laboratory r e l a t i v e  t o  cos t  

and possible technical  benef i ts  t h a t  could be realized i n  

such a model. Other benefits ,  such as publ ic i ty  and 

t ra in ing ,  should be apprised by the  region, The cost 



of a larger  model has been roughly eetimated t o  be about 

$130,000. Suct a cost would no doubt preclude any possi- 

b i l i t y  of activating it t h i s  f i s c a l  year. In any event 

the Regional Director should be given the opportunity 

of accepting or  reject ing the propoeal t o  comtruct a 

larger DalOa model. 

d. A limited amount of study and f i e l d  tes t ing  

might develop a method f o r  u t i l iz ing  data acquired i n  

previvus yeaxe leading t o  a determinatioi of the contro- 

v a r s i d  value of sa l in i ty  control flow and consurmptivs 

use. Certain steps dong t h i s  l i n e  were In i t ia ted  about 

a year ago as mentioned i n  Field Trip Report No. 191 

from D. J. Hebert t o  the Chief Engineer, dated October 

30) 1946, a copy of which was sent t o  the Regional 

D.irector. No report on the work accomplished or the 

r e su l t s  obtained hao been receiged. Since the matter was 

initiat;ed on a rather  vague and informal basis, any informa- 

t lon  will have t o  be obtjained by d i rec t  contact with the 

regional personnel. 


